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Electronic Transport of the Theoretically Predicted Topological Insulator PuB4
Winter, L.E. and McDonald, R.D. (LANL/NHMFL); Tobash, P.H., Ronning, F., Bauer, E.D., Cary, S.K. and Kozimor, S.A. (LANL)
Introduction
 
The idea of topology has garnered increased attention in the condensed matter and materials science community due to the realization of topologically non-trivial materials beyond those that exhibit the quantum Hall effect.  Of particular interest are topological insulators – bulk insulators with topologically protected conducting surface states – that are also strongly correlated materials.  To create topological insulators, strong spin-orbit coupling and large Coulomb interactions are required, both of which can be found in f-electron-based materials.  Consequently, we have grown for the first time single crystals of PuB4, a material that is a theoretically predicted topological insulator.  Electronic transport studies were conducted on PuB4 to investigate the low temperature resistance for signatures of its topological nature.  
Experimental 

Four-point electronic transport measurements were performed on multiple single crystals of PuB4 as a function of temperature down to 1.8 K.  Magnetotransport measurements were performed up to 15 T using a superconducting magnet at the NHMFL Pulsed Field Facility. 
Results and Discussion


As shown in Fig.1, the resistance of PuB​​4 as a function of temperature exhibits insulating behavior, with a rollover near 100 K.  From the low temperature resistance an activation energy less than 2 meV is determined, as shown by the dotted line in the insert of Fig. 1.  At 1.8 K the magnetic field dependence of the resistance up to 15 T was measured as shown in Fig. 2.  There are no significant features observed in the magnetoresistance, which follows a magnetic field dependence close to B1.5 (dotted-dashed line in Fig. 2).  The calculated energy gap is two orders of magnitude smaller than DFT calculations predict.  A possible reason for the lack of agreement between the theory and experimental are the inadequacies of the calculations to incorporate the presence of electronic correlations. 

Conclusions

Temperature and magnetic field dependent electrical transport measurements on PuB4 are presented. The data shows an insulating behavior consistent with the theoretical predictions, although the experimentally determined energy gap is an order of magnitude smaller than DFT predictions. Further experiments are needed to confirm whether the rollover near 100 K reveals the presence of a surface state of topological origin.   
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Fig.1 Resistance as a function of temperature for PuB4 shows insulating behavior with a non-saturating low temperature resistance and a calculated gap (inset) on the order of 2 meV.  





Fig.2 Resistance as a function of applied magnetic field for PuB4.  Dashed and dotted-dashed lines show the expected behavior for B2 and B1.5 behavior respectively.








